Introduction
The mineral content of fruits can vary according to the plant, maturity, soil conditions, climate, and agricultural practices (Brack et al., 2007; Kinnup & Barros, 2008) . As an example, wild berries have significantly higher mineral levels than domesticated plants. In addition to the minerals, notconventional fruits and vegetables can be richer in fiber and compounds with antioxidant functions than conventional foods (Odhav et al., 2007; Pereira et al., 2012) .
Minerals are essential regulators of physiological processes in humans. These elements are essential nutrients for the maintenance of health, but they cannot be synthesized by the body, and therefore, must be obtained through the diet. More than a third of all human proteins require metal ions to function. The absence of these ions can be harmful to human health (Bertini et al., 2001 ).
Minerals regulate the metabolism of various enzymes, maintain the acid-base balance and the osmotic pressure, facilitate the transfer of essential compounds through the membranes and, in some cases, are constituents of body tissues (Aberoumand & Deokule, 2009 ).
The greatest variety of Brazilian flora is present in the Amazon region; however the Southern region of Brazil also has many species of vascular native plants. Araticum-do-mato (Rollinia sylvatica A. St. Hil.) is relatively common in the Atlantic Forest in the semi-deciduous forest, the forest of altitude, and in areas of restinga in the States of Pernambuco to Rio Grande do Sul, Minas Gerais, Goiás, and Mato Grosso do Sul. Red and yellow guava (Psidium cattleyanum Sabine) are widely grown in domestic orchards in the Southern region of Brazil, and are also common in the coastal restingas of the Atlantic Forest. Pindo palm fruit (Butia capitata ( Mart.) Becc.) is a noncultivated species native of Paraguay, Argentina, Uruguay, and Brazil; it can be found from Minas Gerais to Rio Grande do Sul (Lorenzi et al., 2006) . Guabiroba (Campomanesia xantocarpa O. Berg) is grown mainly in the South and Southeast of the Brazil, from Minas Gerais and Mato Grosso do Sul up to Rio Grande do Sul in almost all forests in these regions. Uvaia (Eugenia pyriformis Cambess) is widely cultivated throughout Brazil and is found from Sao Paulo to Rio Grande do Sul. Mandacaru-de-três-quinas (Cereus hildmannianus K. Schum.) occurs in all forest types in the state of Rio Grande do Sul (Lorenzi et al., 2006; Sobral et al., 2006) . The aim of this study was to characterize the mineral composition and content in seven native fruit species of Southern Brazil using inductively coupled plasma optical emission spectrometry (ICP-OES) to compare the values obtained with values reported for conventional species. Pereira et al. The method accuracy was checked using a certified reference material of peach leaves (NIST 1567) characterized with the following components: Al = 92.05%, Ba = 71.78%, Cd = 1326.92%, Cu = 943.11%, Fe = 72.52%, Pb = 79.29%, Mn = 81.95%, Ni = 648.82%, Sr = 85.21%, and Zn = 79.62%. Table 3 shows the wavelengths used for each mineral analyzed as well as the limit of detection (LOD) and quantification (LOQ).
Statistical analyses
The data were analyzed by ANOVA and Tukey's means comparison test at a significance level of 5%, followed by a Principal Component Analysis (PCA) using the software Statistica 10.0.
Results and discussion
PCA is a statistical technique used to reduce the dimensionality of a data set containing a large number of inter-related variables. The analysis is performed to maintain the maximum variance present in the data. This reduction produces a new reduced and un-correlated set of variables, called principal components. These components are then chosen to ensure that the former retain the greater part of the variance present in the original variables.
The seven native fruits were evaluated for the presence and content of eighteen minerals. Both indium (In) and titanium hildmannianus K. Schum.) (ICN 115413) clasdodios were used. The fruits were harvested from the native fruit collection of the Embrapa Temperate Climate Station (Pelotas/RS/Brazil), with the exception of the mandacaru-de-três-quinas, which came from the city of Barra do Ribeiro (RS/Brazil). The fruits were incorporated in the Institute of Natural Science (ICN) Herbarium of Federal University of Rio Grande do Sul (UFRGS). The analyses were performed using the edible portion of the fruits, (i.e., guava and guabiroba samples included the skin, pulp, and seeds; uvaia and pindo palm samples included both skin and pulp; araticum-do-mato and mandacaru-de-três-quinas samples included the pulp only).
The samples were collected at the stage of full maturity, frozen (-20 °C) , and subsequently lyophilized (Lyophilizer L101, São Carlos, SP, Brazil).
Sample preparation
The digestion and the mineral determinations were performed at the National Laboratory Livestock Production (LANAGRO/RS) using the Altundag & Tuzen (2011) method with minor modifications. The freeze-dried fruits (500 mg) were transferred to decontaminated quartz tubes containing 1 mL of redistilled nitric acid (Merck), 2 mL of hydrogen peroxide (Merck), and 7 mL of ultra-pure water (conductivity 0.07 µS). After digestion, the solution was diluted and calibrated with ultra-pure water in a 25 mL volumetric flask. The digestion was performed in triplicate for each fruit and for the certified reference material (CRM).
Microwave digestion
The digestions were performed in a microwave oven (Anton Paar Multiwave 3000 -Perkin Elmer) equipped with a XQ80rotor with a capacity for 8 quartz tubes. The operating conditions were identical for the fruit samples and for the CRM (Table 1) .
Minerals analysis by USN-ICP-OES
The minerals analyses were performed by inductively coupled plasma optical emission spectrometry (ICP-OES) (Varian-model View-MPX CCD) equipped with an ultrasonic nebulizer (Cetac model U5000TA+). All fruit samples were analyzed in quintuplicate assays. The operating conditions are presented in Table 2 . The equipment calibrations were performed using dilutions of the standard elemental solutions at 1000 mg/L (Merck) containing the following minerals: Ag (Silver), Al (Aluminum), B (Boron), Ba (Barium), Bi (Bismuth), Ca (Calcium), Cd (Cadmium), Co (Cobalt), Cr (Chromium), Cu (Copper), Fe (Iron), Ga (Gallium), In (Indium), K (Potassium), Li (Lithium), Mg (Magnesium), Mn (Manganese), Na (Sodium), Ni (Nickel), Pb (Lead), Sr (Strontium), Ti (Titanium), and Zn (Zinc).
Calibration curves were constructed from 10 to 100 µg.kg -1 for the trace elements, 100 to 1000 µg.kg -1 for the microelements, and from 1 to 500 mg.kg -1 for the macroelements. (Ti) ( Table 4) were not detected in the samples. During the analysis, the main component 1 (PC1) was determined to be primarily related to the minerals Al, Ba, Bi, Ga, Mg, and Mn, the principal component 2 (PC2) related to Cu, Fe, Sr, and Zn, and the principal component 3 (PC3) related to Co (Table 5) . In this analysis, 77.17% of the total variance of the data was accounted for with the significant contributions of 31.43% for the first, 26.45% for the second, and 19.29% for the third principal components (Table 5) .
The minerals Cd, Na, and Ca were explained by the fourth, fifth, and sixth main components, respectively. Cr, K, and Pb did not significantly contribute to differentiation analysis of the fruit samples.
Guabiroba, pindo palm, and uvaia contained high levels of Zn, Cr, Ni, Al, and Fe with minor amounts of Mg and Ba (Figures 1a, b) . For both Al and Cr, guabiroba and uvaia were considered statistically equivalent, with values that were significantly higher than those of the other fruit samples (Table 4) . Compared with the other fruits, both Uvaia and pindo palm contained the largest concentrations of Zn and Ni. Pindo palm and araticum-do-mato showed the highest concentration of Cd compared with that of the other studied fruits.
Both Al and Ni are considered toxic to humans. An excessive amount of Al may be related to a variety of neurodevelopmental disorders, including encephalopathy, Parkinson's disease, and Alzheimer's disease (Sobral et al., 2006) . Nickel has also been reported to be a carcinogenic element (Cassaret & Doull's, 1996) . Our study determined that the concentrations of these minerals in these fruits were within the acceptable range since the daily recommended dose should not exceed 13000 µg for Al (World Health Organization, 1996) and 1000 µg for Ni (Padovani et al., 2006 (Saracoglu et al., 2009) , which is consistent with the results found in the present study. Cr is an essential mineral for human metabolism. Depending on its structural form, this mineral can be toxic and carcinogenic. The levels found in this study exceeded the United States Food and Drug Administration (FDA) recommended dosage of 0.12 µg.g -1 (Haider et al., 2004) . In contrast, the recommendations of the Dietary Reference Intakes (Institute of Medicine, 2005) , which suggest a range of 25 to 35 µg Cr/day for men and 20 to 25 µg Cr/day for women, depending on the age, indicate that the Cr levels determined for these fruits would be within the acceptable range.
The reported chromium levels in multiple fruits include 0.011 µg/g in apricot (Saracoglu et al., 2009), 0.8-6.17 µg.g -1 in different dried fruits from Turkey (black grape, mulberry, yellow and black plum, apricot, and rose hip), 0.58-2.30 in white mulberry -2.30 µg.g -1 in apricot (Altundag & Tuzen, 2011 ) and 2.41 µg.g -1 in strawberry (Özcan & Hacıseferoğulları, 2007) .
As an essential trace element, Zn is important for both reproduction and growth, acting as an activator in a series of metabolic reactions catalyzed by enzymes (Bertini et al., 2001) . The presence of this mineral in uvaia fruit is impressive. While leafy vegetables and fruits are considered modest sources of this element (Institute of Medicine, 2005) , the Zn content in uvaia was determined to be significantly higher than that of the multiple fruits, cereals, and vegetables studied by Altundag & Tuzen (2011) Our analysis determined that red guava proved to be a good source of Co compared to the contents found in cereals, vegetables, and fruits by Ekholm et al. (2007) , with values ranging from < 0.01 to 0.18 µg.g -1 .
wheat bran), and the results that were similar to those reported by Sattar et al. (1989) (64.2-65.8 µg.g -1 ) in mixed spices.
Red Guava was characterized by high concentrations of Ba, Co, and Na and small amounts of Zn, Ni, and Al (Figures 1a, b) . The red guava had a higher content of Co compared to the other fruits (Table 4) .
Considered to be an essential element for human beings, Co is an essential part of vitamin B12 (cyanocobalamin), and its deficiency can cause pernicious anemia. Since the human body is unable to synthesize vitamins, the ingestion of foods containing these compounds is essential. The recommended daily intake ) (Ekholm et al., 2007) .
Iron is a widely studied microelement and one of the most cited as an important nutrient. The recommended daily intake is approximately 10 mg of iron for men and 20 mg for women (World Health Organization, 1996) . An essential element, iron operates as a component of hemoglobin, myoglobin, and cytochrome as well as a component of several enzymatic systems, playing an essential role in oxygen transport and cellular respiration (Aberoumand & Deokule, 2009; Saracoglu et al., 2009 ).
Uvaia and mandacaru-de-três-quinas had higher content of iron than that of traditional fruits, including strawberries (12.15 µg.g -1 ) (Ekholm et al., 2007) , apples (11 µg.g -1 ), and oranges (11 µg.g -1 ), with similar values to those reported for some other fruits such as lingonberries (17 µg.g -1 ), sea buckthorn (22 µg.g ) (Ekholm et al., 2007) .
Both Mg and Ba have been reported to be the predominate minerals in guavas. In contrast, our analysis suggested that the mandacaru-de-três-quinas had the highest content of these two minerals among the fruits studied (Table 5) . Saracoglu et al. (2009) found values between 0.2-1.78 µg.g -1 in dried apricots originating in Turkey.
As determined in our study, yellow guava also had a higher amount of cobalt compared to the fruits studied, but this value is quite smaller than those of the fruits from Turkey, including apples (35.24-39.9 ) (Özcan & Hacıseferoğulları, 2007) .
Mandacaru-de-três-quinas was characterized by high concentrations of, Ba, Bi, Ga, Fe, Mg, and Mn (Figures 1a-d) . Compared with the other fruits, these elements were significantly different, except for the iron content, which was considered equivalent to the values found in uvaia. The function of Ga and Bi in the human body remains unknown. In contrast, Mn is an element of vital importance, contributing to structural components and the activation of several enzymes (Altundag & Tuzen, 2011) . The recommended daily dietary intake of Mn is 1.2 mg for children 1-3 years old, and 1.8-2.3 mg for female and male adults. Values are lower for infants and higher for pregnant or lactating women, according to ATSDR (Agency for Toxic Substances and Disease Registry, 2008) .
Our analysis suggested that these fruits can contribute to achieving these recommended values, especially the ) lower than that of the majority of the fruits analyzed in the present study.
Among the fruits evaluated, the highest values of Ca (represented by principal component 6), Cu, and K were found in the araticum-do-mato, with concentrations of Pb and Cd similar to those determined for guabiroba and pindo palm, respectively (Table 4) . Cu is vital to many biological systems, bodily functions. Mg is present in the green parts of plants as a critical constituent of chlorophyll. Mg is present in high concentrations in vegetables. Our analysis determined that the mandacaru-de-três-quinas (1215.54 µg.g ), sea buckthorn (600 µg.g -1 ), apples (700 µg.g -1 ), peaches (900 µg.g -1 ), and oranges (juice) (900 µg.g -1 ), demonstrating similar values to those reported for blackcurrants (1300 µg.g -1 ) and redcurrants (1000 µg.g -1 ) and values lower than those reported for strawberries (1400 µg.g -1 ) (Ekholm et al., 2007) .
Ba is usually found in natural water in concentrations that vary between 0.0007 and 0.9 mg.L -1 . The health effects associated with exposure to the different compounds of Ba depend on the solubility of the compounds in the water or in the stomach. Water soluble compounds can produce harmful in the human body, leading to renal dysfunction, bone diseases, and reproduction problems (Sobral et al., 2006) . The levels observed in these fruits, mainly in pindo palm and the araticum-do-mato, were considered acceptable according to the WHO and FAO criteria: maximum limits of Cd in cereals and legumes is 0.5 µg.g -1 (Klassen & Watkins, 2001) . The German and European Pharmacopoeias have established a maximum level of Cd of 0.1 µg.g -1 for plants, including leaves, fruits, and roots. Contamination by Cd is dependent on the plant species and the growing conditions, with possible aggravations due to irrigation with contaminated water and/or use of fertilizers and herbicides during the cultivation process (Jansson, 2002) . Compared with the values found in the present study, Hamurcu et al. (2010) determined that the Cd levels of fruit grown near highways are higher compared with the reported values for apples (0.16 µg.g The cadmium content in fruits has been reported to be 0.65-1.34 µg.g -1 (Sattar et al., 1989) , 0.09-0.21 µg.g -1 (Zahoor et al., 2003) , 0.16-0.24 µg.g -1 (Abou-Arab et al., 1999), 0.002-0.05 µg.g -1 (Radwan & Salama, 2006) , 0.1-0.81 µg.g -1 (Duran et al., 2008) and 0.02-0.72 µg.g -1 (Saracoglu et al., 2009 ).
As previously mentioned, Ca was the predominant mineral in the pindo palm, guabiroba, and uvaia fruit group. The values found in these three fruits were statistically lower than those found in the araticum-do-mato samples (Table 4) . Ca is an essential mineral in the formation and maintenance of bones and teeth. This mineral is also involved in the transport of cellular membranes, the activation or release of enzymes, muscle contractions, and the transmission of nerve impulses (regulating the heartbeat) (Yebra & Cancela, 2005 (Ekholm et al., 2007) had higher levels of this mineral compared with those of the fruit samples examined in the present study.
Conclusions
The fruits analyzed did not contain mineral concentrations exceeding the recommended values, except for the Cu content found in the araticum-do-mato samples. In addition to the macroelements Ca and K (recognized as basic minerals), the araticum-do-mato fruit samples also had high concentrations of trace elements such as Pb and Sr, which could possibly be contaminants. Mandacaru-de-três-quinas had a predominance of Ba, Bi, and Ga, which most likely are contaminants, as well as the essential macro-and micro-elements, Mg and Mn. Among the fruit samples, uvaia and guabiroba had the highest levels of Al, a toxic metal, as well as the widely studied essential microelement Cr. In addition, uvaia had high levels of Fe and Zn, two essential microelements. Pindo palm had high amounts of two elemental contaminants, Cd and Ni. Yellow guava had high concentrations of Na, while red guava contained high levels of Co. In general, the fruit samples had concentrations of the affecting at least a part of 13 different enzymes. Considered essential in low concentrations, Cu can be accumulated in plants through soil contamination (Palmieri et al., 2005) . Ross (1994) reported that Cu is considered phytotoxic for concentrations exceeding 15 µg.g -1 , independent of the maturity stage. The araticum-do-mato samples exhibited Cu levels 5 times higher than the maximum allowable limit. Sattar et al. (1989) (Duran et al., 2008) , as well as 0.92 and 6.49 µg.g -1 (Saracoglu et al., 2009 ).
Occurring in soil, food and bones, Sr is not considered to be an essential element (Meunier et al., 2004) . Sr has similar chemical properties to those of Ca, arousing interest in physiological bone growth studies in humans and animals (Marie, 2006) . In fruits from Pakistan, Altundag and Tuzen (2011) found variations in the Sr content with values ranging from 0.8 to 2.53 µg.g -1 , which are quite lower than the values obtained in this study. In a study conducted on different types of teas, variations in the concentration of Sr of 6.23-411 µg.g -1 (Marie, 2006) were found.
As an essential element, K, combined with sodium, regulates the functioning of the muscle system, including heartbeats. The araticum-do-mato had a K content similar to the values reported for apples (Malus domestica) (12500 µg.g -1 ), sugar apples (Annona squamosa L.) (11320 µg.g ), lingonberries (5700 µg.g -1 ), cranberries (7000 µg.g -1 ), sea buckthorn (9800 µg.g -1 ), rosehips (1600 µg.g -1 ), and oranges (juice) (900 µg.g -1 ). The reported levels found for strawberries (15500 µg.g -1 ), blackcurrants (18000 µg.g -1 ), redcurrants (19100 µg.g -1 ), raspberries (13000 µg.g -1 ), and peaches (18900 µg.g -1 ) (Ekholm et al., 2007) exceed the values found in this study.
Considered to be exclusively toxic, Pb is known to induce various dysfunctions in laboratory animals and humans by changing the antioxidant activities and by inhibiting the functional group HS in many enzymes (Kara, 2009 ). According to the World Health Organization (1996), the maximum limit of Pb allowed for food is 10 µg.g -1 . Comparing this limit to the values measured in this study, these fruits are considered acceptable, with lower Pb values than those reported in the literature at 0.48-2.14 µg.g -1 (Altundag & Tuzen, 2011 ), 1.91 µg.g -1 (Saracoglu et al., 2009 ), 6.6-9.2 µg.g -1 (Sattar et al., 1989) , and 1.66 µg.g -1 (Zahoor et al., 2003) . This metal is frequently found in high concentrations in plants grown near highways, as reported by Hamurcu et al. (2010) for apples (2.21 µg.g Known for multiple adverse effects on human health, both Pb and Cd are toxic agents associated with environmental contamination and industrial waste. Cadmium may accumulate essential elements above or similar to the values reported for traditional fruits.
